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© Power supply apparatus for automotive vehicles. 

© A power supply apparatus for an automotive 
vehicle has a large-capacity capacitor (4) charged by 
a storage battery (1) mounted on the vehicle. When 
the engine is started, an engine starter (21) is driven 
by electric charge stored in the capacitor. , 
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© Power supply apparatus for automotive vehicles. 



© A power supply apparatus for an automotive 
vehicle has a large-capacity capacitor (4) charged by 
a storage battery (1) mounted on the vehicle. When 
the engine is started, an engine starter (21) is driven 
by electric charge stored in the capacitor. 
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POWER SUPPLY APPARATUS FOR AUTOMOTIVE VEHICLES 



This invention relates to a vehicular power sup- 
ply apparatus mounted on an automotive vehicle to 
serve as the power supply of an engine starter 
when the engine is started. 

A lead storage battery is mounted on an auto- 5 
motive vehicle to serve as the power supply of the 
engine starter and other electrical loads such as 
the auxiliary equipment of the vehicle. When the 
engine is started, the lead storage battery supplies 
the starter with a large current on the order of, say, w 
100 - 200 A for a short period of time. The engine 
crankshaft is rotated by the starter torque produced 
by the resulting power, thereby starting the engine. 

While the vehicle is traveling, the lead storage 
battery is charged by the power from a generator ;s 
mounted on the vehicle and driven by the engine. 
The battery is thus charged to make up for the 
large amount of power consumed at engine start. 

In a well-known rechargeable lead storage bat- 
tery, which is a secondary battery, charging and 20 
discharging take place owing to the chemical ac- 
tion of an electrolyte and electrodes. Consequently, 
at discharge, a large amount of current is capable 
of discharge in a short period of time, as indicated 
by the discharge characteristic of Fig. 6(a). At 25 
charging, however, a current of less than 10 A is 
supplied over a long period of time to achieve 
charging, as indicated by the example of Fig. 6(b). 
If a large amount of current were to be supplied, 
heating and electrode deformation would result. 30 

Accordingly, in vehicles whose users drive only 
short distances and for short periods of time (as for 
ordinary commuting), and in vehicles whose users 
make a large number of starts and stops (as for 
making deliveries), actual driving time is short while 35 
the number of times the engine is started is large. 
As a result, the electrical power expended by bat- 
tery discharge at starting cannot be compensated 
for by sufficient charging, and hence there is the 
danger that the battery will die, thus making it 40 
impossible to start the engine. 

A power supply apparatus for automobiles dis- 
closed in the specification of Japanese Utility 
Model Application Laid-Open (KOKAI) No. 56- 
146644 includes a series circuit composed of an 45 
engine starter and a starter switch, and a series 
circuit composed of a unidirectional element and a 
capacitor. The two series circuits are connected in 
parallel to a DC power source, both ends of the 
capacitor are connected to a load, and power is so 
supplied to the load. 

In this proposed power supply apparatus for 
automobiles set forth in the above publication, the 
power supply circuit employs a large-capacity ca- 
pacitor comprising an electrical double layer ca- 



pacitor. 

However, since this large-capacity capacitor is 
for the load, it is isolated from the starter circuit by 
a diode at engine start and therefore is not in- 
tended to constitute part of the engine starting 
power supply. 

In studies regarding the designing of batteries 
for mounting on automotive vehicles, most em- 
phasis has been placed on engine startabiiity as a 
deciding factor of battery capacity. Accordingly, the 
battery mounted on an automotive vehicle is re- 
quired to be high in weight and capacity in consid- 
eration of the power consumed at starting of the 
engine, which demands a large amount of power. 
On the other hand, since the battery is supplied 
with power after engine start by the generator 
mounted on the vehicle and driven by the engine, a 
battery of small capacity is sufficient. 

In the drawings:- 

An object of the present invention is to provide 
a vehicular power supply apparatus capable of 
supplying a large amount of current to an engine 
starter at starting of an engine. 

Another object of the present invention is to 
provide a vehicular power supply apparatus ca- 
pable of driving an engine starter easily even if the 
.capacity of the battery mounted on the vehicle is 
reduced. 

In accordance with the present invention, there 
is provided a vehicular power supply apparatus for 
driving an engine starter by electrical power from a 
battery mounted on an automotive vehicle, com- 
prising a large-capacity capacitor connected to the 
battery, a starter switch connected to the battery 
and in parallel with the capacitor, and energizing 
means for delivering electric charge from the ca- 
pacitor to the engine starter in response to closure 
of the starter switch. 

Other features and advantages of the present 
invention will be apparent from the following de- 
scription taken in conjunction with the accompany- 
ing drawings, in which like reference characters 
designate the same or similar parts throughout the 
figures thereof. 

Fig. 1 is a circuit diagram illustrating an 
embodiment of a vehicular power supply apparatus 
according to the present invention; 

Fig. 2 is a graph showing the relationship 
between starter current and time at starting of an 
engine; 

Fig. 3 is a capacitor discharge characteristic 
diagram; 

Fig. 4 is a circuit diagram illustrating another 
embodiment of a vehicular power supply apparatus 
according to the present invention; 
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Fig. 5 is diagram showing the charging char- 
acteristic of a large-capacity capacitor; and 

Fig. 6 is a diagram showing an example of 
charging and discharge characteristics of a lead 
storage battery. 

Embodiments of the present invention will now 
be described in detail with reference to the draw- 
ings. 

Fig. 1 is a circuit diagram illustrating the con- 
struction of an embodiment of the invention. 

A battery 1 shown in Fig. 1 is a lead storage 
battery mounted on an automotive vehicle and 
serving as the power supply of a starter unit 2, 
which starts the engine of the vehicle, and an 
electrical load of the vehicle. 

The starter unit 2 has a motor 21 engaged with 
the engine for rotating a crankshaft at engine start, 
and an electromagnetic relay 22 having main con- 
tacts 22a and a movable contact 22b. The arrange- 
ment is such that the movable contact 22b which 
closes the circuit by contacting the main contacts 
22a is driven by the electromagnetic attracting 
force of two types of coils, namely an A coil 22c 
and a B coil 22d. The terminal on the voltage side 
of the motor 21 is connected to one of the main 
contacts 22a and to one end of the A coil 22c, the 
other end of the A coil 22c is connected to one end 
of the B coil 22d and to a C terminal of the starter 
unit 2, and the other main contact 22a is connected 
to a B terminal of the starter unit 2. The ground 
terminal of the motor 21 and the other end of the B 
coil 22d are grounded to the vehicle body. Numeral 
23 denotes a starter switch connected across a + 
terminal of the battery 1 and the C terminal of the 
starter unit 2. By closing the starter switch 23 when 
the engine is started, the starter unit 2 is actuated 
so that the engine is started by driving power from 
the motor 21. 

Numeral 4 denotes a capacitor having a large 
capacity. Employed as this capacitor is one having 
the size of an electrical double layer capacitor used 
in the back-up power supply of the memory of an 
electronic device. For example, the capacitor might 
have a static electric capacitance on the order of 
10 ~ 150F. The + terminal of the capacitor 4 is 
connected to the B terminal of the starter unit 2, 
namely the + terminal side of the battery 1, and 
the - terminal of the capacitor 4 is grounded. Thus 
the capacitor 4 is sufficiently charged at all times 
by the battery 1 . 

Numeral 5 denotes a well-known generator 
driven by the engine. The generated power is 
converted into direct current, which charges the 
battery 1. 

The operation of the embodiment constructed 
as set forth above will now be described. 

When the starter switch 23 is closed at starting 
of the engine, the current from the battery 1 flows 



from the A coil 22c of the t electromagnetic relay 22 
to the motor 21 via the C terminal of the starter unit 
2, and from the C terminal to the B coil 22d, 
whereby the movable contact 22b is attracted by 

5 the electromagnetic attracting force of the two coils 
to close the main contacts 22a. 

Consequently, the charge in the large-capacity 
capacitor 4 sufficiently charged thus far by the 
battery 1 and the current from the battery 1 flow 

10 into the motor 21. These two large currents start 
the motor 21, which applies a strong driving force 
to the engaged crankshaft to start the engine. The 
large current for starting the motor at this time lasts 
for about 0.5 sec, as shown in the example of Fig. 

75 2. If, by way of example, the amount of charge 
stored in the battery 1 should diminish to the 
extent that starting of the engine would be impos- 
sible with the current from the battery, the large 
current resulting from the charge in the large-ca- 

20 pacity capacitor will still.drive the motor 21 strongly 
enough to achieve engine start. 

As for the capacity of the capacitor 4, ordinarily 
the starter current required when starting a gaso- 
line engine having a displacement of 1.5 1 is on 

25 the order of 100 - 200 A, and the time needed to 
start the engine is several seconds at most. Ac- 
cordingly, the capacity of the capacitor need have 
a value that satisfies these requirements. 

Fig. 3 shows an example of the discharging 

30 characteristic of a capacitor. The discharge equa- 
tion of an ordinary capacitor is as expressed by the 
following equation: 
i * g = ^expfc) (1) 
where 

35 Eo: capacitor charging voltage 
R: load resistance 
C: capacitor capacity 

The load resistance R is about 0.05 0 for a vehicle 
running on gasoline. A discharge time of several 

40 seconds will suffice, as set forth above. Therefore, 
if R*C = 5-7 (sec), then C « 100 - 150 (F). 

Thus, the calculations are based on a case 
where the charge in the capacitor is discharged in 
several seconds when the starter is actuated. Since 

45 a large current is required for 0.5 sec, R'C = 0.5 
(sec) will hold if the load of the capacitor is limited 
to this period of time. Therefore, C « 10 (F) will 
suffice. 

In accordance with the present embodiment as 
so set forth above, a large-capacity capacitor capable 
of storing a large amount of electric charge is 
attached as part of the power supply of a vehicle. 
Therefore, even if the amount of charge in a bat- 
tery is constantly small because it is used in a 
55 vehicle whose user drives only short distances and 
for short periods of time or in a vehicle whose user 
makes a large number of starts and stops, the 
starter can be driven by the charge in the large- 
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capacity capacitor at start-up, thus making it possi- 
ble to start the engine. 

By way of example, Fig. 5 illustrates data ob- 
tained when a capacitor having a capacitance of 
about 150F is charged by a battery discharged to 
95% of its total charge. It will be appreciated that 
charging of the capacitor is completed in approxi- 
mately 20 sec, as a result of which starting of the 
engine can be accomplished sufficiently. 

Further, in accordance with the invention, pro- 
viding the large-capacity capacitor reduces depen- 
dence upon the amount of charge in the battery 
when the engine is started. When a vehicle is 
being designed, therefore, the capacity of the bat- 
tery with which the vehicle is to be provided can be 
made smaller than would be the case with the prior 
art. 

For example, in the case of a passenger car 
fueled by gasoline, the capacity of the battery used 
ordinarily is 25 - 30 AH. If the present invention is 
applied, however, a capacity of 10 AH will suffice. 
The following is an example of the dimensions and 
weight of the battery and capacitor: 
Dimensions of 27 AH battery: 227 x 127 x 187 mm 
Weight: 9.5 kg 

Dimensions of 10 AH battery: 147 x 92 x 138 mm 
Weight: 4.5 kg 

Dimensions of 150F/16 V capacitor: 120 x 120 x 
140 mm 
Weight: 5.5 kg 

Dimensions of 1 0F/1 6 V capacitor: 60 x 60 x 40 
mm 

Weight: 0.65 kg 

Fig. 4 is a circuit diagram illustrating the con- 
struction of another embodiment of the present 
invention, in which portions similar to those shown 
in Fig. 1 are designated by like reference char- 
acters and need not be described again. 

In Fig. 4, numeral 6 denotes a relay connected 
across the + terminal of battery 1 and a + circuit 
on the side of the vehicle. Contacts 61 of the relay 
6 are normally closed to connect the + terminal of 
the battery 1 to the + circuit on the vehicle side. 
The relay 6 has a coil 62 which, by being en- 
ergized, causes the contacts 61 to open. The coil 
62 is connected across the C terminal of the starter 
unit 2 and ground. 

With the embodiment thus constructed as 
shown in Fig. 4, closing the starter switch 23 ac- 
tuates the starter unit 2 so that the motor 21 is 
driven by the charge accumulated in the large- 
capacity capacitor 4, just as in the first embodi- 
ment. By closing the starter switch 2, however, the 
relay 6 is opened so that the + terminal of the 
battery 1 is disconnected from the + circuit on the 
vehicle side, thereby protecting against consump- 
tion of charge accumulated in the battery 1. Fur- 
thermore, even though power is not supplied to the 
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+ circuit on the vehicle side from the battery 1 due 
to opening of the relay 6, the coil 62 of the relay 6 
and the B coil 22d of the electromagnetic relay 22 
are supplied with current from the large-capacity 
5 capactor 4, as a result of which the attracting action 
of both coils is maintained. 



„ Claims 

ro 

1. A vehicular power supply apparatus for driv- 
ing an engine starter (21) by electrical power from 
a battery (1) mounted on an automotive vehicle, 
comprising: 

75 a capacitor (4) connected to the battery; 

a starter switch (23) connected to the battery and 

in parallel with the capacitor: and 

energising means (22) for delivering electric charge 

from the capacitor to the engine starter in response 
20 to closure of the starter switch. 

2. Apparatus according to claim 1 , wherein the 
energising means (22) is a first electromagnetic 
relay which comprises a coil (22c) having one end 
connected to the starter switch (23), main contacts 

25 (22a), a first of which is connected to the capacitor 
and a second of which is connected to the engine 
starter, and a movable contact (22b) for closing the 
main contacts by energisation of the coil. 

3. Apparatus according to claim 2, wherein the 
30 other end of the coil (22c) is connected to the 

second of the main contacts (22a). 

4. Apparatus according to claim 2 or claim 3, 
further comprising normally closed contacts (61) 
connected across the battery and an electrical load 

35 (3) mounted on the vehicle, and a second elec- 
tromagnetic relay (6) connected to the first elec- 
tromagnetic relay for opening the normally closed 
contacts when energised. 

5. Apparatus according to claim 1, wherein the 
40 capacitor is a large-capacity electrical double layer 

capacitor. 
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